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1DQRSDUWLFOHVH[KLELW HQKDQFHGVL]HGHSHQGDQWSURSHUWLHVZKHQFRPSDUHG WRXOWUDILQHRU ODUJHUSDUWLFOHVRI WKH VDPHPDWHULDO
$OXPLQLXP QDQRSDUWLFOHV DUH XVHG DV LQJUHGLHQWV LQ VROLG URFNHW SURSHOODQW IRUPXODWLRQV DQG H[SORVLYHV $OXPLQLXP
QDQRSDUWLFOHVDUHSURGXFHGE\YDULRXVSK\VLFDODQGFKHPLFDOPHWKRGVYL]ZLUHH[SORVLRQODVHUDEODWLRQFRPEXVWLRQIODPHDQG
DHURVROV\QWKHVLVEXWPLFURHOHFWULFDOGLVFKDUJHPDFKLQLQJPLFUR('0V\VWHPKDVQRW\HWH[SORUHGWRJHQHUDWHQDQRSDUWLFOHV
7KLV DUWLFOH SUHVHQWV WKH GHYHORSPHQW RI DQ LQQRYDWLYH DSSURDFK XVLQJ WKH PLFUR('0 SURFHVV WR JHQHUDWH DOXPLQLXP
QDQRSDUWLFOHV0LFUR('0ZDV SHUIRUPHGZLWK YDULRXV RSHUDWLQJ SDUDPHWHUV VXFK DV WKH YROWDJH FXUUHQW SXOVH GXUDWLRQ DQG
GXW\F\FOH,QWKLVSURSRVHGSURFHVV ERWKFDWKRGHDQGDQRGHPDGHRIDOXPLQLXPDUHPHOWHGDQGYDSRUL]HGLQ',ZDWHUXVHGDVD
GLHOHFWULFOLTXLG0HDQZKLOHWKHXOWUDVRQLFYLEUDWLRQLVDSSOLHGWRUHPRYHWKHYDSRUL]HGPHWDOSDUWLFOHVUDSLGO\IURPWKHPHOWLQJ
]RQH 7KH JHQHUDWHG QDQRSDUWLFOHV LQ WKH EDVH IOXLG DUH FKDUDFWHUL]HG XVLQJ WUDQVPLVVLRQ HOHFWURQPLFURVFRS\ 7(0 HQHUJ\
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 ,QWURGXFWLRQ
'XULQJWKHSDVWGHFDGHWKHPHWDOOLFQDQRPDWHULDOVKDYHUHFHLYHGLQFUHDVLQJFXULRVLW\LQYDULRXVGLVFLSOLQHVVXFK
DVHQJLQHHULQJVFLHQFHVSK\VLFVFKHPLVWU\DQGPHGLFDO VFLHQFH%HFDXVHRI WKHTXDQWXPVL]HVPDOOVL]H VXUIDFH
DQGPDFURVFRSLFTXDQWXP WXQQHOLQJ HIIHFWV LQ LWVHOIPHWDOOLF QDQRSDUWLFOHV FDQPDQLIHVW XQLTXHSK\VLFDO WKHUPDO
DQGVXUIDFHFDWDO\WLFSURSHUWLHVE\*OHLWHU+HPDODWKDHWDO$VDUHVXOWRIWKHVHLQWHUHVWLQJSURSHUWLHV
DQG GLIIHUHQW DSSOLFDWLRQV VXFK DV LQ URFNHW IXHOV H[SORVLYHV HWF WKH GHYHORSPHQW RI PHWDO QDQRSDUWLFOHV KDV
DWWUDFWHGVXEVWDQWLDOLQWHUHVWDQG\HWWKHVXEMHFWRILQWHQVHVWXGLHVE\*OHLWHU,QUHFHQW\HDUVWKHUHLVDJUHDW
DWWUDFWLRQ WRZDUGVQDQRIOXLGVEHFDXVH WKH\DUHSURYHG WREHIDUPRUH VXSHULRUZKHQFRPSDUHG WR WKHFRQYHQWLRQDO
EDVH IOXLGV E\ =KRX  'DV HW DO  ;XDQ DQG /L  1DQRIOXLGV DUH FROORLGDO VXVSHQVLRQV RI
QDQRVL]HSDUWLFOHVLQEDVHIOXLGVE\6DLGXUHWDO7KHUHDUHDZLGHYDULHW\RIPHWDOOLFQDQRSDUWLFOHVDQGEDVH
IOXLGVWKDWFDQEHFRPELQHGWRSURGXFHDQDQRIOXLGLQYDULRXVLQGXVWULDODSSOLFDWLRQV ,QPRVWRIWKHVWXGLHVWKHEDVH
IOXLG KDV PDLQO\ EHHQ HLWKHU ZDWHU RU HWK\OHQH JO\FRO RU RUJDQLF OLTXLGV RU VXLWDEOH PL[WXUH RI WZR 1DQRIOXLGV
H[KLELWH[FHOOHQWWKHUPDOFRQGXFWLYLW\FRPSDUHWREDVHIOXLGVEHFDXVHRIWKHIRUPLGDEOHLQFUHDVHLQVXUIDFHDUHDRI
QDQRSDUWLFOHVE\ 6DKXHWDO .HEOLQVNLHWDO7KHLPSURYHPHQWLQKHDWWUDQVIHURIQDQRIOXLGVGXHWR





RI EXON PHWDOV E\ *OHLWHU  +HPDODWKD HW DO  7LPRIHHYD HW DO  *DQJXO\ HW DO  ,Q
SDUWLFXODU WKHVH LQQRYDWLYH QDQRSDUWLFOHV DUH SURJUHVVLYHO\ XVHG LQ HQHUJHWLF IRUPXODWLRQV DQG KDYH KLJKHU DQG
IDVWHU HQHUJ\ UHOHDVH DV FRPSDUHG WR WKH EXON DOXPLQLXP 7KH\ DUH SUHIHUUHG DV DQ LQJUHGLHQW LQ DGYDQFHG






WKH FU\RPHOWLQJ SURFHVV DQG WKH SODVPD H[SORVLRQ SURFHVV E\9RUR]KWVRY HW DO  6XQ DQG 6LPRQ 
3LYNLQDHWDO%XWWKHVHPHWKRGVSRVVHVVFHUWDLQGUDZEDFNVZKLFKLQFOXGHODFNRIFRQWURORQWKHSDUWLFOHVL]H
GLVWULEXWLRQ DQG WKHLU VXEVHTXHQW DJJUHJDWLRQ KLJKO\ SRO\GLVSHUVHG VL]H GLVWULEXWLRQ DQG UHTXLUH FRQWUROOHG






SUHSDUHG DOXPLQLXPSDUWLFOHVZLWK JHRPHWULF PHDQGLDPHWHUV RI QPDQG JRRGPRQRGLVSHUVLW\ LQGLEXW\O
HWKHU E\ D ZHW FKHPLFDO SURFHVV 7KH\ IRXQG WKDW E\ XVLQJ ROHLF DFLG DV DQ RUJDQLF VXUIDFWDQW WR WKH SUHFXUVRU
VROXWLRQ WKHVL]HRIDOXPLQLXPSDUWLFOHVKDYHUHGXFHGWRDSSUR[LPDWHO\QP.DUDVHYHWDOKDYHVWXGLHG




QP LQ GHLRQL]HG ',ZDWHU 7KH\ PL[HG$O2 SDUWLFOHV LQWR ILOWHUHG',ZDWHU DQG REWDLQHG VWDEOH GLVSHUVLRQ E\
XVLQJ LQWHQVLYH XOWUDVRQLF YLEUDWLRQ -DZDG+DLGDU  V\QWKHVL]HG QDQRSRZGHUV RI DOXPLQLXP DQG DOXPLQLXP
R[LGHV XVLQJ DQ DUF RSHUDWHG EHWZHHQ D UHIUDFWRU\ URG DQRGH DQG D KROORZ FDWKRGH +H IRXQG WKDW WKH SRZGHU
FRQVLVWVRI LUUHJXODUVSKHULFDOSDUWLFOHVZLWK VL]H OHVV WKDQQP+HPDODWKDHWDO V\QWKHVL]HGQDQRVL]HG
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DOXPLQD SDUWLFOHV WKURXJK FKHPLFDO URXWHV 7KH DYHUDJH SDUWLFOH VL]H ZDV IRXQG WR EH  QP 7KH\ SUHSDUHG
QDQRIOXLGV RI$O2 E\ GLVSHUVLQJ QDQRSDUWLFOHV XQLIRUPO\ LQ HWK\OHQH JO\FRO .X]PLQ HW DO  JHQHUDWHG$O
QDQRSDUWLFOHV E\ ODVHU DEODWLRQ RI $O WDUJHW LQ ZDWHU DQG HWKDQRO VDWXUDWHG ZLWK K\GURJHQ 7KH\ IRXQG WKDW WKH
SDUWLFOHV DUH DOPRVW VSKHULFDO LQ VKDSH ZLWK WKH VL]H UDQJH RI  QP 0DQGLODV HW DO  V\QWKHVL]HG
DOXPLQLXPQDQRSDUWLFOHVXVLQJDUFSODVPDVSUD\WHFKQLTXHXQGHUDWPRVSKHULFSUHVVXUH7KH\KDYHREVHUYHGWKDWWKH
QDQRSDUWLFOHVDUHPRVWO\VSKHULFDOLQVKDSHDQGWKHVL]HOLHVEHWZHHQQP.DOSRZLW]HWDOSURGXFHG
DOXPLQLXPQDQRFU\VWDOV LQ WKHDHURVROSKDVHXVLQJD ORZ WHPSHUDWXUHJDVSKDVH V\QWKHVLV URXWH%RWKSRO\KHGUDO





DOXPLQLXP QDQRSDUWLFOHV LV LQFUHDVHG ZLWK GHFUHDVLQJ SDUWLFOH VL]H $OXPLQLXP QDQRSDUWLFOHV E\ UHSODFLQJ
FRQYHQWLRQDOPLFURVL]HG DOXPLQLXP LQFUHDVHV GHWRQDWLRQ YHORFLW\ LQ VRPH H[SORVLYH FRPSRVLWLRQV E\%URXVVHDX
DQG$QGHUVRQ,WKDVEHHQVKRZQWKDWWKHXVHRIDOXPLQLXPQDQRSDUWLFOHLQFUHDVHVWKHSURSHOODQWEXUQLQJUDWH




0DQ\ UHVHDUFKHUV KDYH HPSOR\HG YDULRXV WHFKQLTXHV WR V\QWKHVLV DOXPLQLXP QDQRSDUWLFOHV \HW QR UHSRUW KDV
DSSHDUHG DGGUHVVLQJ WKH JHQHUDWLRQ RI DOXPLQLXPQDQRSDUWLFOHV XVLQJPLFUR('0PHWKRG7KLVPHWKRG GRHV QRW










7KH VFKHPDWLF LOOXVWUDWLRQ RI WKH GHYHORSHG PLFUR('0 H[SHULPHQWDO VHWXS IRU DOXPLQLXP QDQRSDUWLFOHV
JHQHUDWLRQ LVVKRZQLQ)LJ ,WFRPSULVHVPDLQO\D WRRO FDWKRGHDQGZRUNSLHFHDQRGHZKLFKDUHERWK
DOXPLQLXP $O VHSDUDWHG E\ D VPDOO JDS DQG VXEPHUJHG LQ GLHOHFWULF IOXLG ', ZDWHU 7KH PDWHULDO UHPRYDO
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7DEOH([SHULPHQWDOSDUDPHWHUVWRJHQHUDWHDOXPLQLXPQDQRSDUWLFOHV
SXOVHZLGWKPRGXODWRUZKLFKSURGXFHVUHFWDQJXODUSXOVHVZLWKGLIIHUHQW IUHTXHQFLHV7KHIUHTXHQF\DQG WKHGXW\
F\FOHRI WKHGLVFKDUJH FDQEHPRQLWRUHGE\ FKDQJLQJ WKH UHVLVWDQFHYDOXHVRI WKHSRWHQWLRPHWHUV$V VRRQ DV WKH
VKRUWFLUFXLWVLJQDOFDXVHGE\GLUHFWFRQWDFWRIWRRODQGWKHZRUNSLHFHLVGHWHFWHGWKHWRROLVUHWUDFWHG7KLVSUHYHQWV
WKHGDPDJHRI WKH WRRODQG WKHZRUNSLHFH7KH IHHGEDFN FLUFXLW VHQVHV WKHDYHUDJHJDSYROWDJHDQG WKLV VLJQDO LV
FRPSDUHGZLWKUHIHUHQFHYROWDJHWRGHWHFWWKHJDSVWDWXVE\DQDQDORJWRGLJLWDOFRQYHUWHU7KHQWKHLQIRUPDWLRQRI
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(QHUJ\.H9




H[SHULPHQW 7KH FXUUHQW LV OLPLWHG WR $ WR SUHYHQW DQ\ GDPDJH WR WKH SRZHU VXSSO\ZKHQ D VKRUW FLUFXLW WDNHV
SODFH7KHIHHGEDFNYROWDJHVKRXOG OLHEHWZHHQ ± 9WRSUHYHQWDQ\GDPDJH WR WKHSLH]RDFWXDWRUGULYHU7KH
SRZHU VXSSO\ JHQHUDWHV DQ HOHFWULFDO SRWHQWLDO EHWZHHQ WKH WZR HOHFWURGHV$V WKH WRRO DSSURDFKHV WKHZRUNSLHFH
XVLQJWKHYHUWLFDOVOLGHGLHOHFWULFEUHDNGRZQRFFXUVLQWKHIOXLGIRUPLQJDSODVPDFKDQQHODQGDVPDOOVSDUNMXPSV
7KHVH VSDUNVXVXDOO\ VWULNHRQH DW D WLPHEHFDXVH LW LV YHU\XQOLNHO\ WKDW GLIIHUHQW ORFDWLRQV LQ WKH LQWHUHOHFWURGH
VSDFHKDYH WKH LGHQWLFDO ORFDO HOHFWULFDO FKDUDFWHULVWLFVZKLFKZRXOG HQDEOH D VSDUN WRRFFXU VLPXOWDQHRXVO\ LQ DOO
VXFK ORFDWLRQV 7KHVH VSDUNV KDSSHQ LQ KXJH QXPEHUV DW VHHPLQJO\ UDQGRP ORFDWLRQV EHWZHHQ WKH WRRO DQG WKH
ZRUNSLHFH'XHWRWKHVSDUNORFDOL]HGLQWHQVHKHDWLVSURGXFHGZKLFKLQFUHDVHVZRUNSLHFHWHPSHUDWXUHLQDQDUURZ
]RQHHTXDOWRLWVPHOWLQJYDSRUL]DWLRQWHPSHUDWXUH7KXVWKHPDWHULDOLVUHPRYHGLQWKHIRUPRIGHEULVSDUWLFOHV
$V WKH ZRUNSLHFH LV HURGHG DQG WKH VSDUN JDS VXEVHTXHQWO\ LQFUHDVHG WKH WRRO LV ORZHUHG DXWRPDWLFDOO\ E\ WKH
SLH]RDFWXDWRU VR WKDW WKH PDFKLQLQJ DW HDFK SRLQW FDQ FRQWLQXH XQLQWHUUXSWHG IRU  PLQXWHV 7KH GHEULV RI
DOXPLQLXPLVVXVSHQGHGLQWKHEDVHIOXLGDQGWKHREWDLQHGFROORLGDOGLVSHUVLRQZDVFROOHFWHGLQWKHJODVVYLDOV
 &KDUDFWHUL]DWLRQ





FDUERQFRDWHG FRSSHU JULG )XUWKHU WKH HOHPHQW RI WKH JHQHUDWHG SDUWLFOHV ZDV FRQILUPHG E\ 6$(' SDWWHUQV DQG
XOWUDYLROHW89VSHFWURVFRS\
 5HVXOWVDQGGLVFXVVLRQ
7KH FRPSRVLWLRQ RI WKH DOXPLQLXP QDQRSDUWLFOHV JHQHUDWHG LQ ', ZDWHU XVLQJ PLFUR('0 SURFHVV ZDV
GHWHUPLQHGE\('$;7KHW\SLFDO('$;SDWWHUQREWDLQHGIRUWKHDOXPLQLXPSDUWLFOHVJHQHUDWHGLVVKRZQLQ)LJ
,WLVREVHUYHGWKDWWKHPDMRUFRQWHQWRIWKHFROORLGDOVROXWLRQREWDLQHGLVDOXPLQLXP7KHUHVXOWVRIWKH('$;VWXG\
LQGLFDWH WKDW WKH FROORLGDO VXVSHQVLRQ RI DOXPLQLXP SDUWLFOHV JHQHUDWHG LQ RSHQ HQYLURQPHQW VKRZV SUHVHQFH RI
R[\JHQFRQWHQWZKLFKVHHPV WREHUDWKHUOHVVLQLW$OVR LW LVUHDOL]HGWKDWFHUWDLQDGGLWLRQDOSHDNVZHUHREVHUYHG
)LJLQGLFDWLQJWKHSUHVHQFHRIVRPHLQRUJDQLFLPSXULWLHVGXULQJPDFKLQLQJ
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)LJ6$('SDWWHUQFRUUHVSRQGLQJWRDOXPLQLXPQDQRSDUWLFOH
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+RZHYHU7(0DSSURDFK\LHOGHGDGLVWULEXWLRQZLWKDYHUDJHSULPDU\QDQRDOXPLQLXPFOXVWHUVSDUWLFOHVL]HRI
DSSUR[LPDWHO\QP7KHVL]HPHDVXUHPHQWIROORZV ORJQRUPDOGLVWULEXWLRQ)LJ7KHSDUWLFOHVL]HGLVWULEXWLRQ
QDUURZHG LWV UDQJH DQG WKLV LV PDLQO\ GXH WR WKH IDFW WKDW JURZWK DQG QXFOHDWLRQ RI SDUWLFOHV WDNHV SODFH











x 7KHPHDQVL]HRIDOXPLQLXPSDUWLFOHDJJUHJDWHRISULPDU\FOXVWHUVWKURXJK G\QDPLFOLJKWVFDWWHULQJ VWXG\
ZDVIRXQGWREHQPZLWKJHRPHWULFGHYLDWLRQRI
x 7KHVL]HGLVWULEXWLRQRI JHQHUDWHGDOXPLQLXPQDQRSDUWLFOHVLQGLFDWHVQDUURZGLVWULEXWLRQ
7KHPLFUR('0PHWKRG LVDFRQYHQLHQW DSSURDFK WRJHQHUDWH QDQRSDUWLFOHVZLWK WKHDGYDQWDJHVRI VLPSOLFLW\
ORZFRVWDQGKLJKSURGXFWLRQUDWHV%XWVWDEOHGLVSHUVLRQRIDOXPLQLXPQDQRSDUWLFOHVLQWKHVDPSOHDIWHUDSHULRGRI
WLPHLVVWLOODFKDOOHQJH





















+HPDODWKD - 3UDEKDNDUDQ71DOLQL5 $&RPSDUDWLYH6WXG\RQ3DUWLFOH)OXLG ,QWHUDFWLRQV LQ0LFUR DQGQDQRIOXLGVRI $OXPLQLXP
2[LGH0LFURIOXLG1DQRIOXLG
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.DOSRZLW]'-RXHW5=DFKDULDK0$HURVRO6\QWKHVLVDQG5HDFWLYH%HKDYLRURI)DFHWHG$OXPLQXP1DQRFU\VWDOV-RXUQDORI&U\VWDO
*URZWK
.DUDVHY 9 *ORWRY 2 %DNODQRY $ 2QLVFKXN $ =DUNR 9  $OXPLQLXP 1DQRSDUWLFOH )RUPDWLRQ XQGHU &RPEXVWLRQ RI 6ROLG















3LYNLQD $ ,YDQRY ' )URORY <0XGUHWVRYD 6 1LFNROVND\D $ 6FKRRQPDQ -  3ODVPD 6\QWKHVL]HG 1DQR $OXPLQLXP 3RZGHUV
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